Introduction
============

In recent years, novel drugs for metastatic and recurrent breast cancer have been approved, and treatment options are increasing. However, as there is no clear consensus on which drug to use and in what order, there has been much debate regarding the choice of treatment. Cyclin-dependent kinase (CDK)4/6 inhibitors selectively inhibit CDK4 and CDK6, arrest cell cycle progression and suppress tumor growth ([@b1-br-0-0-1248]). To date, 3 types of CDK4/6 inhibitors have been developed, and in Japan, 2 drugs, palbociclib and abemaciclib, have been approved. Palbociclib is a newly launched molecular-targeted therapeutic agent for use in inoperable or recurrent breast cancer and was the first selective CDK4/6 inhibitor to be introduced worldwide ([@b2-br-0-0-1248]). In the PALOMA 3 trial, the median progression-free survival (PFS) times were shown to be 9.2 months in the palbociclib combination group and 3.8 months in the placebo group, with significantly better results in the palbociclib combination group \[hazard ratio (HR), 0.42; 95% confidence interval (CI), 0.32-0.56) ([@b6-br-0-0-1248]). Its efficacy and safety have been confirmed in Japan, and the drug was approved in December, 2017 in combination with endocrine therapy for hormone receptor-positive human epidermal growth factor receptor 2-negative breast cancer ([@b7-br-0-0-1248],[@b8-br-0-0-1248]). The efficacy and safety of abemaciclib were subsequently validated, and abemaciclib was then approved in Japan in 2018 ([@b9-br-0-0-1248]). In the MONARCH 2 trial, the median PFS times were 16.4 months for the abemaciclib combination group and 9.3 months for the placebo group, with significantly better results in the abemaciclib combination group (HR, 0.553; 95% CI, 0.449-0.681) ([@b10-br-0-0-1248]). The side-effects associated with the use of CDK4/6 inhibitors are primarily blood toxicity and digestive complications, such as nausea, vomiting and diarrhea. However, the side-effect profiles are somewhat different; palbociclib has been reported to induce a high frequency of hematologic toxicity, and abemaciclib has been reported to induce a high frequency of diarrhea ([@b2-br-0-0-1248],[@b9-br-0-0-1248]). Thus, the appropriate applications for the use of these 2 CDK4/6 inhibitors have not yet been determined.

In this study, we analyzed the efficacy and side-effects associated with the use of palbociclib in patients at our hospital and examined the suitability of palbociclib or abemaciclib based on adverse events.

Patients and methods
====================

### Patients

This study included 35 patients who were able to continuously receive 2 or more courses of palbociclib from December, 2017 to December, 2018 at Kitasato University Hospital. The patient information is presented in [Table I](#tI-br-0-0-1248){ref-type="table"}. All patients had recurrent or metastatic hormone-positive breast cancer (stage IV). The ages of the patients ranged from 39 to 83 years (median, 55 years). None of the patients discontinued treatment due to adverse events.

### Analysis methods

The effects of palbociclib were evaluated using the response evaluation criteria in solid tumors (RECIST) RECIST. Adverse events were evaluated using CTCAE ver4.1. Factors related to neutropenia of grade 3 or higher were also analyzed.

### Statistical analysis

We calculated the average of the disease-free period and PFS. PFS was estimated using the Kaplan-Meier method and P-values were generated using the Wilcoxon test. For categorical variables, P-values were calculated using the Chi-square test. A value of P\<0.05 was considered to indicate a statistically significant difference. All statistical analyzes were performed using JMP Pro version 11 software (SAS Institute).

Results
=======

### Patient demographics and clinical data

The patient information is presented in [Table I](#tI-br-0-0-1248){ref-type="table"}. All patients had stage IV, invasive ductal carcinoma. The ages of the patients ranged from 39 to 83 years (median, 55 years). The patients receiving treatment with a combination of drugs included 20 patients (57%) with fulvestrant, 8 patients (20%) with letrozole, and 7 patients (23%) with fulvestrant + LH-RH (leuprorelin). Fourteen patients (40%) had a history of chemotherapy, and 21 (60%) had no history of chemotherapy. The number of prior treatment regimens (including chemotherapy and hormone therapy) was 0-11 (mean, 2.9). The initial dose of palbociclib was 125 mg for 29 patients (83%) and 100 mg for 6 patients (17%). Patients who were reduced to 100 mg were patients 74 years of age or older, or patients with brain metastases and a performance status (PS) of ≤2.

### Analysis of efficacy

The efficacy of the treatment is presented in [Table II](#tII-br-0-0-1248){ref-type="table"}. There were 6 cases (17%) of partial response (PR), 19 cases (54%) of stable disease (SD) and 10 cases (29%) of progressive disease (PD). The disease-free period averaged 5.5 months (1.17-10.73 months)

### Analysis of side-effects

The side-effects of treatment are presented in [Table III](#tIII-br-0-0-1248){ref-type="table"}. There were 24 cases with leukocytopenia (7 cases with grade 3 or higher), 26 cases with neutropenia (16 cases with grade 3 or higher), 13 cases with anemia (1 case with grade 3 or higher) and 15 cases with thrombocytopenia (grade 3 or higher). There were 3 cases of fatigue, 1 case of itchy skin and 1 case of febrile neutropenia (FN).

### Risk factors for severe neutropenia

Subsequently, we examined the expression of neutropenia of grade 3 or higher ([Table IV](#tIV-br-0-0-1248){ref-type="table"}). There were no significant differences in the presence or absence of prior chemotherapy treatment, the number of regimens, or age. Although the presence or absence of bone metastasis did not differ significantly, bone metastasis cases tended to exhibit neutropenia of grade 3 or higher (P=0.09). In patients with \<3,000 neutrophils prior to palbociclib induction, neutropenia of grade 3 or higher was observed in all 12 patients (P\<0.0001).

### Dose reduction

The dose of pabociclib was reduced in 13 patients (37%). Of these, 7 cases had 1 dose reduction, and 6 cases had a 2-stage dose reduction. PFS was improved in patients who did not have a dose reduction (P=0.04, Wilcoxon test). The median PFS (95% CI) was 6.3 months (5.6-NE) in patients who did not have a dose reduction, and the median PFS (95% CI) was 3.3 months (2.8-NE) in patients who had a level 1 or 2 dose reduction ([Fig. 1](#f1-br-0-0-1248){ref-type="fig"}).

Discussion
==========

Currently, there are no clear guidelines regarding the use of palbociclib and abemaciclib. In this study, in cases in which the number of neutrophils prior to the introduction of a CDK4/6 inhibitor was \<3,000 or less, neutropenia of grade 3 or higher was observed in all cases owing to palbociclib. We believe that abemaciclib may be selected in cases in which the number of neutrophils prior to introduction of the CDK4/6 inhibitor is \<3,000.

CDK4/6 inhibitors are agents that block the cell cycle and lead to similar side-effects as cytotoxic preparations ([@b1-br-0-0-1248]). The use of palbociclib frequently leads to side-effects associated with the blood system. In the PALOMA-3 trial, neutropenia, anemia and thrombocytopenia were detected in 79, 26 and 19% of cases when palbociclib was used in combination with fulvestrant ([@b6-br-0-0-1248]); in particular, neutropenia of grade 3 or higher was as high as 62%, and the incidence of adverse events of febrile neutopenia was 0.9%. Although not frequent, we experienced 1 case of febrile neutropenia, in which hospitalization was required; thus, the occurrence of febrile neutopenia should be avoided. Moreover, in the PALOMA-3 trial, the proportion of patients experiencing withdrawal of palbociclib for neutropenia was 59.7%, and the proportion of patients experiencing dose reduction was 27%. By contrast, in the MONARCH 2 test, when administered a combination of fulvestrant and abemaciclib, the incidences of neutropenia, anemia, thrombocytopenia and neutropenia of grade 3 or higher were 46, 29, 15 and 26%, respectively ([@b10-br-0-0-1248]).

The side-effect of cytopenia was lower for abemaciclib compared with that of palbociclib. Palbociclib has not been reported to result in differences in PFS between those who had dose reductions of 1 or more levels (n=100) and those who did not have dose reductions (n=245) ([@b12-br-0-0-1248]). However, no analysis has been conducted for patients who had dose reductions in 1 or 2 stages. In the current study, the initial dose of palbociclib was 125 mg for 29 patients (83%) and 100 mg for 6 patients (17%). Patients who were reduced to 100 mg were patients 74 years of age or older, or patients with brain metastases and PS2 or greater. PFS was significantly improved in patients who did not have a dose reduction. In addition, there were 6 cases in which a 2-stage dose reduction was required, indicating a relatively high frequency. The current study differs from previous clinical trials. However, blood levels \[maximum blood concentration, Cmax and the area under the blood concentration-time curve (AUC)\] are proportional to the dose ([@b13-br-0-0-1248]). When the relative dose intensity (RDI) decreases, the clinical effect may not be sufficient. However, since the sample size was small in this study, verification with a larger sample size is also necessary. Thus, in order to maintain the RDI, it is better to avoid drug withdrawal and dose reduction as much as possible in most cases. In order to avoid the appearance of neutropenia of grade 3 or higher and to maintain RDI, it is suggested that abemaciclib should be considered for cases with neutrophils of \<3,000 prior to the introduction of a CDK4/6 inhibitor.

In conclusion, the results revealed that palbociclib administration was extremely likely to cause neutropenia of grade 3 or higher in cases in which the number of neutrophils was \<3,000 prior to induction. Therefore, such cases should be treated with neutropenia in mind.
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###### 

Patient background.

  Parameter                                    Number
  -------------------------------------------- --------
  Age (years)                                   
       39-83 (median, 55)                       
  Combination drugs                             
       Fulvestrant                             20
       Fulvestrant + LH-RH                     7
       Letrozole                               8
  Initial dose                                  
       125 mg                                  29
       100 mg                                  6
  Prior treatment regimens                      
       Chemotherapy only                       6
       Hormone therapy only                    13
       Both chemotherapy and hormone therapy   8
       No prior treatment history              8
  Number of prior treatment regimens            
       0                                       8
       1                                       3
       2                                       7
       3                                       10
       More than 4 regimens                    7
  Metastatic site                               
       Lymph node                              20
       Bone                                    20
       Lung                                    16
       Liver                                   13
       Brain                                   2
       Pleural dissemination                   4

###### 

Efficacy of palbociclib treatment (n=35).

  Response                                                           Number   \%
  ------------------------------------------------------------------ -------- ----
  Partial response^[a](#tfn1-br-0-0-1248){ref-type="table-fn"}^      6        17
  Stable disease^[b](#tfn2-br-0-0-1248){ref-type="table-fn"}^        19       54
  Progressive disease^[c](#tfn3-br-0-0-1248){ref-type="table-fn"}^   10       29

^a^Partial response: Compared to the baseline diameter, the diameter of the target lesion decreased by ≥30%.

^b^Stable disease: There was no reduction equivalent to partial response and no increase equivalent to progressive disease compared to the smallest diameter sum in progress.

^c^Progressive disease: Compared to the minimum diameter in progress, the diameter of the target lesion increased by ≥20%, and the absolute diameter increased by ≥5 mm in absolute value.

###### 

Side-effects associated with palbociclib treatment.

                                                                     All grades   Higher than grade 3        
  ------------------------------------------------------------------ ------------ --------------------- ---- ----
  Leukocytopenia                                                     24           69                    7    20
  Neutropenia                                                        26           74                    16   46
  Anemia                                                             13           37                    1    3
  Thrombocytopenia                                                   15           43                    0    0
  Fatigue                                                            3            9                     0    0
  Itchy skin                                                         1            3                     0    0
  Febrile neutropenia^[a](#tfn4-br-0-0-1248){ref-type="table-fn"}^   1            3                     1    3

^a^Febrile neutropenia: Axillary fever \>37.5˚C, and neutrophil count \<500/µl, or expected to decrease to \<500/µl within 48 h.

###### 

Risk factors for severe neutropenia.

                                                         Number of patients with neutropenia of grade 3 or higher (%)             
  ------------------------------------------------------ -------------------------------------------------------------- --------- -----------
  Chemotherapy history                                                                                                            
       +                                                 8(57)                                                          6(43)     P=0.09
       -                                                 6(29)                                                          15(71)     
  The number of regimens                                                                                                          
       \<4                                               12(43)                                                         16(57)    P=0.48
       ≥4                                                2(29)                                                          5(71)      
  Age (years)                                                                                                                     
       \<50                                              3(33)                                                          6(67)     P=0.63
       ≥50                                               11(42)                                                         15(58)     
  Bone metastasis                                                                                                                 
       -                                                 8(57)                                                          6(43)     P=0.09
       +                                                 6(29)                                                          15(71)     
  Number of neutrophils prior to palbociclib induction                                                                            
       \<3,000                                           0 (0)                                                          12(100)   P\<0.0001
       ≥3,000                                            14(61)                                                         9(39)      
